Analysis of cell membrane micro-heterogeneity using the fluorescence lifetime of DPH-type fluorophores.
Heterogeneity in the lipid organization in lipid bilayers and cell membranes was probed by using the fluorescence decay of 1,6-diphenyl-1,3,5-hexatriene (DPH) and DPH attached to the sn-2 position of phosphatidylcholine (DPH-PC). In the presence of protein, it is proposed that the bulk lipids and boundary lipids can potentially provide distinct enough fluorophore environments for two different lifetime centers to be recovered from the analysis of the fluorescence decay. To test this model experiments were performed with cytochrome b5 in 1-palmitoyl-2-oleoylphosphatidylcholine bilayers. The number of boundary lipids of cytochrome b5 is known from the literature or can be calculated from known dimensions, so that for a known protein:lipid ratio the fraction of lipids in the bulk and boundary lipid regions is known. These values were found to closely correspond to the fractions associated with the lifetime centers recovered from an analysis of the fluorescence decay assuming two major fluorophore populations. This indicated that the DPH distributed in a similar manner to the lipids and that its boundary lipid residency time was greater than the excited state lifetime, showing the validity of the approach. An important requirement was that the protein should influence the fluorophore decay sufficiently enough to enable separate lifetime centers for the bulk and boundary lipid fluorophores to be recovered by the analysis. Attempts were made to analyze the fluorescence decay of DPH in liver plasma membranes and microsomes as arising from two distinct fluorophore populations, however, the basic condition was not satisfied. By contrast, using DPH-PC it was possible to extract two separate lifetime centers. The limitations and potential of this approach are critically assessed and it is concluded that in certain circumstances information pertaining to the protein-lipid interfacial region of membranes can be extracted from fluorescence decay heterogeneity properties.